Objective: To determine risk factors associated with recurrence in patients with high intermediate risk (HIR) endometrioid adenocarcinoma. Methods: A retrospective analysis of patients with HIR endometrioid adenocarcinoma who underwent hysterectomy, bilateral salpingo-oophorectomy, with or without pelvic/para-aortic lymphadenectomy at the University of Pennsylvania between 1990 and 2009 was performed. Results: A total of 103 women with HIR endometrial cancer were identified. Multivariable analysis revealed that ≥2/3 myometrial invasion (HR, 4.79; p=0.010) and grade 3 disease (HR, 3.04; p=0.045) were independently predictive of distant metastases. The 5-year distant metastases free survival (DMFS) for patients with neither or one of these risk factors was 89%, and the 5-year DMFS for patients with both risk factors was 48% (p<0.001). Conclusion: Patients with both grade 3 disease and deep third myometrial invasion have a high risk of distant metastases. Identifying these patients may be important in rationally selecting patients for systemic therapy.
INTRODUCTION
Endometrial cancer is the most common gynecological malignancy in the United States with an estimated 43,470 new cases and 7,950 deaths expected to occur in 2010 [1] . Amongst all types of endometrial adenocarcinoma, endometrioid type is the most common, and has the most favorable prognosis [2, 3] . Recent studies have determined that the presence of certain factors amongst patients with uterine confined disease, notably increasing age, deep myometrial invasion, tumor grade, presence of lymphovascular space invasion (LVSI), and stage were predictive of a higher risk of recurrence and poorer outcome [3] [4] [5] [6] [7] [8] . Thus it became evident that there existed a high intermediate risk (HIR) patient population that may stand to benefit from more aggressive therapy. Though criteria for determination of a HIR endometrial adenocarcinoma subgroup has varied depending on the study, the Gynecologic Oncology Group (GOG) identified a HIR subgroup based on surgicopathologic factors and age [7, 8] . Since the publication of GOG 99, the risk stratification algorithm has been increasingly used to guide the adjuvant therapy for patients with intermediate risk endometrial adenocarcinoma in the United States, and is currently the selection criteria for a phase III clinical trial comparing pelvic radiation versus vaginal brachytherapy (VBT) with chemotherapy as adjuvant therapy after surgical staging [9] [10] [11] . The objective of this study was to assess the recurrence rates and long term outcomes of patients with HIR endometrioid adenocarcinoma treated at the University of Pennsylvania.
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Patient population
This retrospective study was approved by the University of Pennsylvania Institutional Review Board. Out of the 383 patients with histologically confirmed stage I-II (occult) endometrioid adenocarcinoma that were operated on between 1990 and 2009, 103 patients were found to have HIR disease and were selected for this analysis. HIR disease was defined as per GOG 99. Surgicopathologic risk factors were: grade 2 or 3, outer one-third myometrial invasion, LVSI, and age. HIR was defined as: 1) at least 70 years of age with one risk factor, 2) at least 50 years of age with two risk factors, and 3) any age with all three of the other risk factors.
Therapeutic management
All patients were initially managed with total hysterectomy and bilateral salpingo-oophorectomy with or without pelvic/ para-aortic (PA) lymph node (LN) dissection with or without adjuvant radiation within the University of Pennsylvania Health System. A total of 24 patients underwent pelvic lymphadenectomy, 55 underwent pelvic and PA lymphadenectomy, and 4 patients had only PA LNs sampled. Twenty patients had no LN sampling. Seventy five (73%) patients received adjuvant radiation. Twenty two (21%) patients received only pelvic external beam radiotherapy (EBRT), 22 (21%) received EBRT followed by VBT, and 30 (29%) received only VBT. For the patients who received EBRT with or without VBT, forty three patients were simulated using computed tomography and 1 patient with orthogonal imaging. Five patients were treated using intensity modulated radiation therapy (IMRT) and the remaining patients were treated using a four-field technique. A total of 53 patients received VBT with or without EBRT. All patients were simulated using either CT or magnetic resonance imaging. Forty six patients received high dose rate (HDR) VBT and 7 patients received low dose rate (LDR) VBT. The most common fractionation scheme used for HDR brachytherapy was 21 Gy given in 3 fractions (24 patients) prescribed to a depth of 0.5 cm. The median active length (distance between the most proximal and most distal end of the active dwell positions) was 4.0 cm (range, 3.5 to 7.0 cm). No patients received chemotherapy as part of their initial treatment.
After completion of their treatment, patients were followed by their radiation and/or gynecologic oncologist at regular intervals. Follow-up data was complete as of May 2011. A locoregional recurrence was defined as a vaginal or pelvic relapse. Overall survival was defined as time from date of surgery to death from any cause. Relapse free survival was defined as the time from date of surgery to disease recurrence or death from any cause, whichever occurred first or to date of last contact for those patients alive without recurrence. Loco-regional recurrence free survival (LRFS) and distant metastasis free survival (DMFS) were defined as time from surgery to either locoregional or distant recurrence, respectively; patients were censored at time of relapse, death without recurrence, or last follow-up. www.ejgo.org 259
Toxicity grading
Acute and late treatment related side effects were graded according to the Common Toxicity Criteria for Adverse Events (CTCAE) ver. 4.02. Acute toxicity was defined as any adverse event that occurred within 90 days since the initiation of adjuvant treatment and late toxicity was defined as any adverse event that occurred beyond 90 days from the initiation of adjuvant treatment.
Statistical analysis
The log rank test and Cox regression were used to assess for significant associations between local and distant metastases with patient and tumor related prognostic factors. Factors found to be significant on univariate analysis were entered into the Cox proportional multivariable model. A p<0.05 was considered significant. The Kaplan-Meier method was utilized to estimate survival outcomes. The statistical software used was Stata ver. 11 (StataCorp LP, College Station, TX, USA).
RESULTS
Patient demographics
The patient demographics and pathologic characteristics are outlined in Table 1 . The median patient age was 67 years (range, 25 to 88 years); the median number of pelvic and PA LN removed was 7 (range, 0 to 47) and 3 (range, 0 to 27), respectively. Patients were restaged based on the 2010 FIGO staging criteria [12] . The median follow-up time was 47 months (range, 1.8 months to 18 years).
Clinical outcome
The 5-year Kaplan Meier overall and relapse free survival were 79% and 71%, respectively. The median time to local recurrence was 6 months (range, 3 to 10 months), and the median time to distant metastasis was 24 months (range, 8 months to 9.4 years). The 5-year LRFS and DMFS rates were 97% and 81%, respectively. Overall, there were a total of 17 3. Patterns of recurrence and the impact of adjuvant treatment on recurrence Twenty eight (27%) patients received no adjuvant treatment and two recurred. One had an isolated vaginal recurrence and the other suffered distant metastasis to the lung. Both patients underwent treatment for relapse, and both ultimately died of disease.
Twenty two (21%) patients received only pelvic radiation and 4 recurred. Two patients experienced isolated recurrences to the PA nodes in previously untreated regions and the other two patients experienced only distant metastases. With respect to the two patients who experienced PA recurrences, one patient did not undergo a PA dissection while the other had three PA LNs removed. The two patients with PA node recurrences underwent successful treatment for relapse. The third patient with a distant metastasis to the liver failed her relapse treatment and died of disease; the fourth patient with metastases to the brain, lung, and liver was treated with whole brain radiation therapy and ultimately died of disease.
Thirty one (30%) patients received only VBT and 3 recurred. One patient had distant metastases only, one patient had a recurrence in the sigmoid colon followed by a second distant relapse, and the third had an isolated vaginal recurrence. The third patient with the isolated vaginal recurrence received 35
Gy out of the planned 60-65 Gy of low dose rate VBT; treatment was discontinued at the patient's request due to grade 2 diarrhea and the patient's history of irritable bowel syndrome. She underwent surgical excision, received Megace and is alive with disease. Twenty two (21%) patients received both pelvic radiation and VBT and 8 recurred. All had only distant metastases. Seven patients underwent treatment for their relapses. Two patients, whose disease spread to a single site, underwent successful therapy. The remaining 4 patients, whose disease spread to multiple sites, died of disease despite therapy. There were no differences in the rates of locoregional recurrence or distant metastasis based on radiation modality (pelvic radiation, VBT, or observation) or whether they underwent a LN dissection.
Impact of histological factors in local recurrence, distant
recurrence and DFS Several patient and histopathological factors were analyzed in our study population. Age and number of LNs removed were treated as continuous variables, and the other factors were treated as dichotomous variables. Adjuvant radiation was dichotomized to either the administration versus no administration of adjuvant radiation. Myometrial depth was dichotomized to either <2/3 invasion versus >2/3 invasion, and tumor grade was dichotomized to grades 1-2 versus grade 3. No factors were associated with local recurrence in our study population, but deep myometrial invasion (p=0.008), grade 3 histology (p=0.023), number of pelvic LNs removed, (p=0.023), and cervical glandular invasion (p=0.049) were significantly associated with an increased risk of distant metastases on univariate analysis. LVSI (p=0.23) and age (p=0.84) were not significantly associated with an increased risk of distant metastases (Table 3) . On multivariable analysis, grade 3 (p=0.045; HR, 3.04; 95% CI, 1.02 to 9.04) and deep third myometrial invasion (p=0.010; HR, 4.79; 95% CI, 1.45 to 15.84) were predictive of distant metastases ( Table 4 ). The largest impact on the hazard ratio was obtained by dichotomizing the variables: grade 3 vs. grade 1 or 2 and myometrial invasion as greater than 
Complications
In our study population, the median total dose was 50.4 Gy (range, 41.4 to 50.4 Gy in 23 to 28 fractions), and the median energy of the photon beam was 15 MV (range, 10 to 23 MV). One patient received only 41.4 Gy out of a planned total dose of 45 Gy due to severe diarrhea. One patient with a history of irritable bowel syndrome who received LDR brachytherapy received only 35 Gy out of the planned 60-65 Gy due to severe diarrhea. The rates of any acute and late symptomatic (grade 2) toxicities were: 26% and 18%, respectively. The rates of acute and late severe (grade 3) toxicities were: 2% and 4%, respectively (one patient had grade 3 diarrhea during treatment which resolved within 90 days, one patient had grade 3 cystitis during treatment which resolved within 90 days, and 4 patients who received external beam radiotherapy had a small bowel obstruction requiring surgery).
DISCUSSION
In this single institutional retrospective analysis, we investigated the patterns of relapse and risk factors for recurrence amongst patients considered to have HIR endometrioid adenocarcinoma as defined by GOG 99 treated with either adjuvant pelvic radiation +/-VBT, VBT alone, or observation. On multivariable analysis, grade 3 disease and deep third myometrial invasion were the most important predictors of distant metastasis amongst this high risk group. Additionally, patients with both pathologic risk factors had a higher rate of distant metastasis compared to those that had neither or just one risk factors with 5-year DMFS 89% vs. 48%, p<0.001.
Our results are consistent with that reported in other studies. Several publications have suggested that the incidence of distant metastasis in early stage endometrial adenocarcinoma ranges between 4-12% [7, [13] [14] [15] [16] [17] [18] [19] [20] [21] . Several prognostic factors have been analyzed for correlations with distant metastasis, and the most commonly reported risk factors for distant metastasis in this HIR group are: LVSI, deep myometrial invasion, and grade 3 histology [7, 15, [22] [23] [24] [25] [26] . For the subset of patients with IC grade 3 disease who all received pelvic radiotherapy in the Post Operative Radiation Therapy in Endometrial Carcinoma (PORTEC) study reported by Creutzberg et al. [22] , rate of distant metastases was 31% at 5 years. The 5-year DMFS in this analysis was 48% for patients with both outer one third myometrial invasion and grade 3 disease. Grade 3 disease has consistently been identified in prior studies as a risk factor for extrapelvic recurrences. In a multi-institutional analysis of patterns of relapse amongst patients with stage I, grade 3 disease, 81% of patients who developed an extrapelvic recurrence died of their disease [16] . A retrospective analysis of stage IC patients by Long et al. [27] , found that patients with grade 3 disease were at significantly increased risk of recurrence (28.9%) with all recurrences containing a distant component and the majority being fatal. Additionally, amongst patients that have an isolated vaginal relapse, grade 3 disease is a poor prognostic factor. All patients with grade 3 disease died within four years of their relapse in a retrospective study by Lin et al. [28] . We did not find LVSI to be significant in our analysis, but 16 patients lacked information with regard to LVSI, and thus the lack of significance maybe related to the limited patient numbers.
The use of adjuvant radiotherapy in this group was varied ranging from none to pelvic and/or vaginal brachytherapy; no patients received chemotherapy. Rates of local recurrence were low in this analysis and are consistent with reported rates of loco-regional failure in patients who have been treated with radiotherapy. Type of radiotherapy used had no 262 www.ejgo.org impact on risk of distant metastases or survival. The majority of patients (17/22) in this analysis with IC grade 3 disease received pelvic radiotherapy +/-VBT. It is difficult, therefore, to comment on whether vaginal brachytherapy alone would have been adequate local treatment in this cohort of patients.
With respect to local disease control, three major randomized studies have demonstrated the benefit to adjuvant pelvic radiation to decrease the risk of locoregional relapse, though there was no significant survival benefit [6, 7, 17] . However, the rate of adverse gastrointestinal side effects were significantly higher in the pelvic radiation arm in both the PORTEC and GOG 99 study, and both trials found that the majority of the local recurrences occurred at the vaginal vault in the control arms. The recent PORTEC2 study demonstrated that VBT alone can effectively provide local disease control in patients with intermediate risk endometrial adenocarcinoma with less severe side effects when compared to pelvic radiation [29, 30] . Patients with IC grade 3 disease, however, were not eligible for this study. Additionally, several single institutional retrospective studies have demonstrated the low risk of subsequent vaginal failures after brachytherapy alone for stage I/ II endometrial cancer, particularly if the patient populations underwent surgical staging [31] [32] [33] . Adjuvant radiotherapy in this population is justified given the high local control rates. In our analysis, no patient who received initial pelvic external beam radiotherapy had a local relapse. The modality of radiotherapy remains an open question for this high risk population though there is some retrospective data to suggest that vaginal brachytherapy alone in this population may be sufficient local treatment. In one of the largest retrospective series to date that included only high risk patients defined by PORTEC, GOG 99, or Aalders et al. [17] , McCloskey et al. [34] observed a 3.4% loco-regional recurrence rate with vaginal brachytherapy alone. As reported in other series, pelvic radiotherapy and/or brachytherapy reduces the risk of pelvic or vaginal recurrences, but does not ultimately impact on the rate of distant recurrence or survival [16, 22] . A subgroup of these patients though remains at high risk of distant relapse as this analysis demonstrates and novel strategies to improve survival are needed. As studies have demonstrated, there is no impact on survival with LN dissection, and in patients with grade 1-2 disease, small volume disease, and less than 50% myometrial invasion, the risk of lymph node metastases is very low [35] [36] [37] . In our analysis, the risk of relapse (64%) was high despite LN sampling in patients with deep myometrial invasion and grade 3 disease with the majority of relapses occurring in distant areas.
The high rates of extrapelvic recurrences in this group of patients suggests a need for systemic therapy, however, the role of chemotherapy for stage I patients has not yet been defined. It would be rational to hypothesize that chemotherapy may benefit patients with earlier stage HIR disease given the significant rates of distant metastases that have been previously demonstrated by others as well [5, 15, 16, 22, 26, 38 ]. This hypothesis was tested in a phase III study by the Japan Gynecologic Oncology Group; whole pelvic radiotherapy was compared to cyclophosphamide, doxorubicin, and cisplatin (CAP) chemotherapy in women with stage I-III endometrial cancer [39] . Though there was no difference overall between the two arms, on subgroup analysis, patients with HIR disease who received chemotherapy had a significantly higher PFS (83.8% vs. 66.2%, p=0.024) and OS (89.75 vs. 73.6%, p=0.006) compared to patients who received radiation therapy. HIR patients were defined as stage IC over 70 years of age, grade 3 endometrioid adenocarcinoma, or stage II/IIIA with >50% myometrial invasion. In a single institutional phase II study by Landrum et al. [40] , twenty-three patients with HIR endometrioid cancer or stages I-IIB serous or clear cell carcinoma received 3 fractions of VBT followed by 3 cycles of carboplatin/paclitaxel. At a median follow-up of 12 months, only one recurrence was identified. This approach seems reasonable, but needs to be evaluated with larger patient numbers and longer follow-up.
Currently, GOG 249 is recruiting patients to examine the therapeutic benefit and treatment toxicity profile of VBT with carboplatin/paclitaxel × 3 cycles vs. pelvic radiation in patients with HIR endometrial adenocarcinoma [11] . The findings of this study will elucidate whether systemic therapy is justifiable in patients with early stage endometrioid adenocarcinoma at high risk for distant metastasis. Although we agree with conventional thought that not all HIR patients may benefit from systemic therapy, we believe that a subset of the population with multiple risk factors for distant metastasis may be suitable candidates for adjuvant chemotherapy and in particular those patients with both grade 3 and deep myometrial disease.
Our study has a number of limitations. First, as with any retrospective study, our data may be confounded by selection bias. Second, our study population was relatively small due to our strict selection criteria. Third, only 54% of our study population underwent both pelvic and PA LN dissection, so we cannot exclude the possibility that a proportion of our patients had occult stage III disease. Prospective studies are needed to verify our findings.
In conclusion, our results suggest that patients with grade 3 and deep third myometrial invasion are at high risk of distant relapse. Additional larger cohort studies examining this patient population are warranted to rationally recommend systemic therapy.
